The cardiac effects of amitriptyline, mianserin, zimelidine and nomifensine on the systolic time intervals (STI) and on the high speed surface ECG have been studied in depressed patients. Amitriptyline increased pre-ejection period (PEP) index and the PEP/left ventricular ejection time (LVET) ratio of the STI (P <0.05 and P <0.02). It also increased heart rate significantly (< 0.02) and tended to prolong Q-T interval. Mianserin shortened QS2I (P <0.05) and LVET (P < 0-01) and prolonged PEP/LVET ratio (P <0-01). Zimelidine did not affect the STI but tended to decrease heart rate and prolong the Q-T interval. Nomifensine decreased T wave height. These findings indicate that amitriptyline decreases cardiac contractility and confirm the quinidine-like action of the tricyclic antidepressants. The changes brought about by mianserin are probably due to effects on the peripheral circulation rather than a direct action on the heart.
Introduction
Tricyclic antidepressant drugs (TADs) have been used for approximately 20 years in clinical practice. Although they have proved efficacious, the incidence of cardiac complications, especially following overdosage, has proved distressing. Kristjansen (1961) first reported minor ST-T segment changes on the electrocardiogram (ECG) occurring in depressed patients taking imipramine following exercise. Since then, various ECG and haemodynamic changes have been described both in therapeutic dosage and after overdosage of TADs (Rasmussen and Kristjansen, 1963; Thorstrand, 1974 Thorstrand, , 1976 Jefferson, 1975; Vohra, Burrows and Sioman, 1975) . Sudden death has also been reported in patients with heart disease who received amitriptyline (Coull et al., 1970; Moir et al., 1972) . Owing to these cardiac complications, Address for correspondence: C. D. Burgess The STIs were obtained using an ElemaSchonander mingograph (EMT 34) to reproduce simultaneous recordings of the ECG, phonocardiogram and carotid pulse wave at a paper speed of 100 mm/sec. From these readings the Q-S2 interval (the interval from the onset of the Q wave on the ECG to the start of the aortic second sound), the left ventricular ejection time (LVET) (from the start of the upstroke of the carotid pulse to the incisura), and the pre-ejection period (PEP) which is the difference between the QS2 and the LVET, were measured ( Fig. 1) . The mean values of 10 complexes were obtained for each measurement. The QS2, LVET and PEP results were then corrected for heart rate using the regression equations of Weissler, Harris and Schoenfield (1969) . The PEP/LVET ratio was calculated using the uncorrected values of PEP and LVET. Three recordings were performed over 15 min at each visit and the mean of the 3 recordings were taken as the value of the QS2, LVET (Table 2) As can be seen from Table 2 , amitriptyline prolongs both PEPI (P <0.05) and the PEP: LVET ratio (P <0.02). Mianserin shortened QS2I (P <0-05) and LVETI (P <0.01) and prolonged the PEP: LVET ratio (P < 001). Zimelidine did not affect the STI. Nomifensine was only given to 3 patients and no trends could be discerned. 2. (Table 3) Amitriptyline increased heart rate (P <0.02), zimelidine tended to slow the heart but the result did not attain statistical significance. Both amitriptyline (5 of 6 subjects) and zimelidine (6 of 7 subjects) prolonged Q- shown to be as effective as the established TADs in the treatment of depression McLelland, Kerr and Littie, 1977; Montgomery et al., 1978) . They differ from the known TADs in their chemical structure in that mianserin has a tetracyclic structure, nomifensine is a tetrahydroquinaline compound and zimelidine has a bicyclic structure. They also differ in their actions on the biogenic amines in that zimelidine is a potc,eL inhibitor of 5-hydroxytryptamine (5-HT) re-ul L,ke with little effect on noradrenaline (NA) re-uptake (Siwers et al., 1977) ; nomifensine is a potent inhibitor of both NA (Schacht and Heptner, 1974) and dopamine reuptake (Ehsannulah and Turner, 1977); mianserin does not appear to block re-uptake of NA in man (Ghose, Coppen and Turner, 1976) ; but in rat brain it increases turnover of NA (Leonard, 1978) and antagonizes the effect of 5-HT on blood vessels (Saxena, Houwelingen and Barta, 1971) . The changes in the STI produced by amitriptyline, i.e. increase in PEPI and the PEP: LVET ratio, indicate a negative inotropic effect of the drug (Weissler, 1977) In a previous study in normal volunteers, Burgess, Turner and Wadsworth (1978) showed a similar effect. In other studies using the STI, Miiller and Burckhardt (1974) and Burckhardt et al. (1978) showed a similar effect 4 weeks after treatment with a variety of antidepressants including amitriptyline. The reasons for these changes is as yet unknown, but amitriptyline like most of the TADs has a quinidine-like effect on the heart (Axelrod and Weinshilboum, 1972) and these drugs have a high affinity for myocardium (Cassano, Sjastrand and Hansson, 1965) resulting in a cardiodepressant effect.
Mianserin shortened QS2I and LVETI, but prolonged the PEP: LVET ratio significantly. This would seem to indicate a mixed and paradoxical effect on the heart. Shortening of the QS2I is said to be the most sensitive index in assessing the positive inotropic effect of a drug and is usually unchanged from normal unless a drug effect is present (Lewis et al., 1977) . However, an increase in the PEP: LVET ratio is said to indicate decreased contractility (Weissler, 1977) . LVETI shortens whether there is a positive or negative inotropic effect (Weissler, 1977) . It is possible that mianserin is causing these changes by effects on the peripheral circulation. It is known to antagonize the action of NA peripherally (H. Jansen -personal communication) and in man has been shown to antagonize the venoconstrictor effect of 5-HT (Saxena et al., 1971) . Therefore it is possible that the drug may decrease both pre-load and after-load, both of which affect the STI in opposite directions (Lewis et al., 1977) .
In this study, none of the drugs affected the ECG with the exception of nomifensine which decreased T wave height in all 3 patients. In a recent study by Dumovic et al. (1978) nomifensine was shown to have little effect on intra-cardiac conduction in 9 patients. Amitriptyline increased heart rate significantly, a finding which was expected as it is known to have potent anticholinergic activity.
None of the other drugs affected heart rate significantly, although zimelidine tended to slow it. None of the drugs prolonged P-R interval, a finding previously described by Burrows et al. (1976) . Both amitriptyline (5 of 6 patients) and zimelidine (6 of 7 patients) tended to increase the corrected Q-T interval, but the results did not attain statistical significance. Other investigators (Bigger et al., 1977) have shown Q-Tc interval to be prolonged with the use of TADs, a finding consistent with the quinidinelike effect of these drugs.
It was not possible to demonstrate any change in blood pressure, but this was not surprising as readings were taken 4-6 weeks apart. Hayes, Born and Rosenbaum (1977) have shown that orthostatic hypotension is common in the first 2 weeks of therapy with the TADs if looked for carefully, but is rarely a problem after this period.
From this study it would seem that mianserin and zimelidine are safer antidepressants than amitriptyline and should be preferred to the latter especially in those patients with known heart disease and perhaps in the older generation who are known to develop higher plasma levels of TADs (Carr and Hobson, 1977) and thus run the risk of more complications when given these agents. Although only 3 patients were given nomifensine, this drug too seems to be safer than amitriptyline, but further studies are needed to clarify its place for the patient with cardiac disease and depression.
